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S1.1 Structure assembly 
Component DNA strands were synthesized by Bioneer Corp.. To assemble 
expected nanostructures, these DNA strands were mixed to a roughly equal molar 
final concentration of 100 nM for 2D addressable structures, 1 µM for extended 
structures and 500 nM for 3D polyhedral structures. A 20 µL or 40 µL DNA 
mixture was annealed in 0.5×TE buffer (5 mM Tris, pH=7.9, 1 mM EDTA) 
supplemented with 20 ~ 30 mM MgCl2 under a ‘ramp’ annealing program cooling 
down from 90 to 25 °C (or 10 °C) over a period of 17-76 h or under an isothermal 
annealing program. 
 
S1.2 Gel Electrophoresis and purification 
The annealed samples were subjected to 1% or 2% native agarose gel 
electrophoresis in an ice-water bath, and the gel was prepared in 0.5×TBE buffer 
supplemented with 10 mM MgCl2 and pre-stained with SYBR Safe (Thermo 
Scientific). Then the target gel bands were excised, carefully crushed using the flat 
end of a plastic pestle in a Freeze ’N Squeeze column (Bio-Rad), and then directly 
subjected to centrifugation at 106g for 2 min at 4 °C. Purified samples centrifuged 
through the column could be diluted before AFM. 
 
S1.3 AFM imaging 
AFM images were obtained using a SPM Multimode with Nanoscope V controller 
(Bruker Corp.). A 40 µL drop of 0.5×TE buffer (10 mM MgCl2) were applied to a 
freshly cleaved mica surface and then a 5 µL droplet (2 to10 nM) of purified sample 
(annealed sample without purification for the extended structures) and left for 
approximately 2 min. Supplementary 5 -10 µL 10 mM NiCl2 was added to increase 
the strength of DNA–mica binding and additional dilution of the sample was 
possibly performed to achieve the desired sample density. Samples were imaged 
under liquid ScanAsyst mode, with C-type triangular tips (resonant frequency, f0 = 
40 – 75 kHz; spring constant, k = 0.24 N m-1) from the SNL-10 silicon nitride 
cantilever chip (Bruker Corp.). 
 
S1.4 2D average of single particles from AFM micrographs 
Full size AFM images are converted into gray-scale maps. Particles in the maps 
were semi-automatically or manually boxed by e2boxer.py program in EMAN21. 
2D average images of particles were calculated using 2D classification in Relion1.4 
or Relion2.02. 
 
S1.5 Cryo-EM imaging 
Freshly purified samples of DNA polyhedral nanostructures were pipetted onto 
lacey carbon grids (Ted Pella, No.01824) pre-treated with 0.1 M MgCl2. The grids 
were blotted for approximate 4 to7 s and were then frozen in liquid ethane using a 
cryo-plunger (Cryo Plunger 3, Gatan). Micrographs of DNA octahedron and 
icosahedron samples were collected using a FEI Tecnai Arctica operating at 200 kV 
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with a Falcon II camera (FEI) in movie mode. 
 
S1.6 Single particle reconstruction 
Raw images collected in movie mode were processed by MotionCor3 to reduce 
image blurring due to beam-induced motion. CTF parameters were calculated by 
Gctf4 and particles were semi-automatically or manually boxed by e2boxer.py 
program in EMAN2. 2D average images were calculated in Relion1.4 or Relion2.0 
using 2D classification, and particles in blurry or unreasonable classes were rejected. 
Initial models were generated from clear and representative 2D average images by 
e2initialmodel.py program in EMAN2. Proper initial models were used as 
references and good particles were used as inputs to calculate the 3D maps by 3D 
auto refine in relion1.4 or relion2.0. 3D classification in Relion were also used to 
calculate different conformations and particles in the best or clearest conformations 
were used to calculate the final map by 3D auto refine in Relion. Final 3D maps 
were visualized using UCSF Chimera software5. 
 
S2 Self-assembly of addressable 2D structures 
Figures S1-S2 show schematic diagrams and gel results of addressable 2D 
honeycomb grid with Y-shaped (3-arm) motifs (Y0) and diamond grid with 




Figure S1. Addressable 2D honeycomb grid (Y0). A. Schematic diagram of the 
addressable 2D honeycomb grid. B. Strand diagram with strand-level details of a 
typical Y-shaped (3-arm) motif. C. Native agarose gel electrophoresis result. The 





Figure S2. Addressable 2D diamond grid (X0). A. Schematic diagram of the 
addressable 2D diamond grid. B. Strand diagram with strand-level details of a 
typical X-shaped (4-arm) motif. C. Native agarose gel electrophoresis result. The 
red asterisk points at the target band. 
 
Single ‘X’- and ‘Y’-motifs (with and without T2 linkers) were subjected to 2% 
native agarose gel and the corresponding results are shown in Figure S3. 
 
 
Figure S3. Native agarose gel electrophoresis results of single ‘X’- and ‘Y’-motifs. 
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Lane L: 1kb DNA ladder; lane 1: single ‘X’-motif without T2 linkers; lane 2: single 
‘X’-motif with T2 linkers; lane 3: single ‘Y’-motif without T2 linkers; lane 4: 
single ‘Y’-motif with T2 linkers. 
 
S3 Self-assembly of angle-controlled addressable 2D structures 
Figures S4-S7 show schematic diagrams and gel results of addressable 2D 
addressable wireframe structures with angle control. 
 
Figure S4. Addressable 2D honeycomb grid with angle control (Y1). A. Schematic 
diagram of the addressable 2D honeycomb grid with angle control. B. Strand 
diagram with strand-level details of a typical T-shaped motif. C. Native agarose gel 





Figure S5. Addressable 2D tetragonal grid with angle control (X1). A. Schematic 
diagram of the addressable 2D tetragonal grid with angle control. B. Strand diagram 
with strand-level details of a typical cross-shaped motif. C. Native agarose gel 
electrophoresis result. The red asterisk points at the target band. 
 
 
Figure S6. Native agarose gel results of 2D addressable grids constructed from ‘X’- 
or ‘Y’- motifs with different numbers of 10-nt single-stranded linkers. Lane L: 1kb 
DNA ladder; lane 1: 2D grid constructed from ‘Y’-motif with single-stranded linker 
at one of the three crossover points of each vertex (Y2, see Figure 2C for design 
8 
	
details); lane 2: 2D grid constructed from ‘X’-motif with single-stranded linkers at 
two of the four crossover points of each vertex (X2, see Figure 2D for design 
details); lane 3: 2D grid constructed from ‘X’-motif with single-stranded linker at 




Figure S7. AFM results of 2D addressable grids constructed from ‘X’- or ‘Y’- 
motifs with 10-nt single-stranded linkers. A. Zoomed-in AFM images of structure 
Y2. B. Zoomed-in AFM images AFM of structure X3. Scale bars: 50 nm. 
 
S4 Angle measurements based on 2D average of single particles 
 
Structures Y0  Y1 X0 X1 X2 
Measured 
angles (°) 
121 ± 7 
(N = 24) 
152 ± 3 
(N = 13) 
67 ± 4 
(N = 18) 
90 ± 3 
(N = 17) 
160 ± 3 
(N = 13) 
Table S1. Angle measurements for different 2D structures based on 2D average of 
single particles from AFM microscopies. N indicates the number of measured 
vertices of each corresponding averaged particle. As we can see the results of angle 
measurements in the table, the implementation strategy is effective. 2D averaged 
particles and the corresponding angle measurements are not available for structures 
Y2 and X3. 
 
S5 Self-assembly of extended 2D structures 





Figure S8. Full size AFM image of extended 1D ribbon from ‘X’-motifs. Scale bar: 
100 nm. 
 





Figure S10. Full size AFM image of 1D extended tube structure from one 
continuous ‘Y’-motif. Scale bar: 100 nm. 
 
We also designed similar ribbons from ‘X’-motifs or ‘Y’-motifs with less 
component motifs. Figure S11 shows a full size AFM image of tube structures 
composed of only two different component ‘Y’-motifs. Figure S12 shows full size 
AFM images of tube structures composed of two and four different component 
‘X’-motifs respectively. As shown in the images, the overall structures tend to be 
circularized to form tubes. 
 
Figure S11. 1D extended tube structure with two different component ‘Y’-motifs. 
Each component strand in this tube structure is 32-nt long with four 8-nt domains. 
Left: schematic diagram (repetitive unit cells highlighted in blue); right: the 




Figure S12. 1D extended tube structures with different component ‘X’-motifs. (A) 
Tube structure with two different component motifs. Each component strand is 
32-nt long with four 8-nt domains. (B) Tube structure with four different 
component motifs. Each component strand is 32-nt long with four 8-nt domains. (C) 
Tube structure with four different component motifs. Each component strand is 
52-nt long with four 13-nt domains. Top: schematic diagrams (repetitive unit cells 
highlighted in blue); bottom: the corresponding AFM images (scale bars: 100 nm). 
 
Since the sizes of the extended structures of a specific design varied and their 
mobility in agarose gel were different, it was challenging to estimate the yield of 
desired structures from direct measurement. The fluorescent intensity of leftover 
strands was used quantify the unsuccessful incorporation, and the self-assembly 
yield = 1 – (the fluorescent intensity of leftover strands) / (the total fluorescent 
intensity of the entire gel lane). Yields of the two extended structures from 
repetitive units of different numbers of component strands were provided alongside 




Figure S13. Native agarose gel electrophoresis results of extended structures from 
repetitive units of different sizes. Lane L: 1kb DNA ladder; lane 1: extended 
structures with two ‘X’-motifs (eight component strands); lane 2: extended 
structures with four ‘X’-motifs (sixteen component strands). Numbers at the bottom 
of the gel image denote the corresponding assembly yields. 
  
S6 Self-assembly of 3D polyhedral structures 




Figure S14. Schematic diagram of an odd-edge and an even-edge and 
corresponding assembly pattern. (A) Odd-edge and its corresponding “positive 
-negative” assembly pattern. (B) Even-edge and its corresponding “positive- 
positive” assembly pattern. 
 
The odd-edge (shown in Figure S14A) formed between two motifs is an odd 
number of helical half-turns long (e.g., five half-turns is used to construct 2D 
addressable structures in our study). Each component DNA strand in one of these 
two motifs runs from 5’ to 3’ in a counterclockwise manner (colored in red shown 
in Figure S14A). On the contrary, each component DNA strand in another motif 
runs in a clockwise manner (colored in blue shown in Figure S14A). Red motif and 
blue motif can be defined as ‘positive’ motif and ‘negative’ motif, respectively. As 
a consequence of presence of odd-edge, neighboring motifs will form a kind of 
alternative ‘positive – negative’ assembly pattern.  
However, the case in an even-edge (shown in Figure S14B) is quite different. All 
component DNA strands in every motif all run in a counterclockwise manner. 
Therefore, all motifs can be regarded as ‘positive’ motifs, resulting in another kind 
of assembly pattern called ‘positive – positive’ pattern shown in Figure S14B. 
 




Figure S15. Schematic diagram demonstrating the restriction of odd-edge in 
cyclization of odd number of units. (A) The odd-edge prohibits the cyclization of 
odd number of units. (B) The even-edge has no such restriction. 
 
For odd-edge, such an alternating assembly pattern leads to a conflict in tile 
arrangement when motifs try to cyclize into a triangle, a pentagon, or any other 
polygons with an odd number of units (shown in Figure S15A). The successful 
construction of both 2D honeycomb grid and 2D rhombic grid, each cavity of which 
results from cyclization of an even number of units, is a good example. As 
demonstrated in Figure S15B, the even-edge has no such restriction. The design of 
even-edge allows the cyclization of any arbitrary number of units in a polygonal 
face. Therefore, the design of even-edge is required to construct more complex 3D 
polyhedral nanostructures that are inaccessible from odd-edge. 
 
S6.3 Detailed designs of edges and faces of 3D polyhedral structures 
Figure S16 shows the detailed design of the face and an edge in a typical 
polyhedron (octahedron and icosahedron) with 32-bp edges. Besides typical 32-bp 
edges, we also constructed an octahedron with 42-bp edges. The detailed design 




Figure S16. Detailed design of the face and an edge in a typical polyhedron with 
32-bp edges. (A) The design of a face of a typical polyhedron. (B) The design of an 
edge of a typical polyhedron. Note that the strands in the same color (red or blue) 
correspond to distinct sequences.  
 
Figure S17. Detailed design of the face and an edge in an octahedron with 42-bp 
edges. (A) The design of a face of an octahedron with 42-bp edges. (B) The design 
of an edge of an octahedron with 42-bp edges. 
 
S6.4 Agarose gel results and full size cryo-EM images 
Figure S18 shows the agarose gel results of octahedra (32-bp edge length) with and 




Figure S18. Native agarose gel results of octahedron (32-bp edge length) with and 
without T2 linkers. Lane 1: octahedron with single-stranded T2 linkers; lane 2: 
octahedron without any linkers; lane L: 1kb DNA ladder. 
	
Figures S19-S21 show cryo-EM images of 3D polyhedral nanostructures. 
 
Figure S19. Cryo-EM image and 3D reconstruction of octahedron (32-bp edge 
length). (A) A representative raw image. Scale bar: 100 nm. (B) Left: 
Representative 2D averages and corresponding projections from 3D reconstruction. 
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Right: Gold-standard FSC plot of the 3D reconstruction. 
 
 
Figure S20. Cryo-EM image and 3D reconstruction of icosahedron. (A) A 
representative raw image. Scale bar: 100 nm. (B) Left: Representative 2D averages 
and corresponding projections from 3D reconstruction. Right: Gold-standard FSC 





Figure S21. Cryo-EM image and 3D reconstruction of octahedron (42-bp edge 
length). (A) A representative raw image. Scale bar: 100 nm. (B) Left: 
Representative 2D averages and corresponding projections from 3D reconstruction. 
Middle: different views of 3D maps of octahedron (42-bp edge length) 
reconstructed from cryo-EM images. Right: Gold-standard FSC plot of the 3D 
reconstruction. An increase of edge lengths from 32 bp to 42 bp led to a resolution 
decay due to the elevated structural flexibility and particle heterogeneity. 
 
S7 Yield quantification 














Octahedron (32-bp edge length) 8.7% 
Octahedron (42-bp edge length) 5.6% 
Icosahedron 5.7% 
Table S2. Self-assembly yields of addressable 2D structures and 3D polyhedral 
structures. The yields of similar DNA octahedron and icosahedron from repetitive 
motifs are more than 90%6, 7. The yield gap is presumably due to the elevated 
complexity and limited optimization of self-assembly conditions. 
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S8 DNA sequences 











































































































































































































































































































































































































































































































































































































































































































































































Note: strand 257 pair with 77 DNA segments between two arms to form additional 
10-bp duplex segments. Therefore, to form the addressable 2D honeycomb grid with 
angle control, strand 257 (final concentration: 7.7 µM) and rest strands (final 
concentration: 100 nM) are mixed together and annealed. 
 






























































































































































































































































































































































































































































































Note: strand 195 pair with 84 DNA segments between two arms to form additional 
10-bp duplex segments. Therefore, to form the addressable 2D tetragonal grid with 
angle control, strand 195 (final concentration: 8.4 µM) and rest strands (final 
concentration: 100 nM) are mixed together and annealed. 
 









































































































































































































































































































































































































































































































































S8.11 DNA sequences for extended 1D tube from ‘Y’-motifs (two species motifs 









S8.12 DNA sequences for extended 1D tube from ‘X’-motifs (two species motifs 











S8.13 DNA sequences for extended 1D tube from ‘X’-motifs (four species 





















S8.14 DNA sequences for extended 1D tube from ‘X’-motifs (four species 





























































































































S8.17 DNA sequences for icosahedron 
Seq_ID Sequences 
1 ACGCCTAGAGTTTGATGCACTCAGGGCTCACTGG 
2 AACGGGCTCCGTTGCTTGGCGTGGATAAAGATCT 
3 TCTTGTTTAAGTTACCAGCGTCGAGCCGGTCGGT 
4 TTCATGATTAGTTGCCAACCATACAACCTGCATC 
63 
	
5 CAGCACTACCATTGCGTTTCTACGATGCCAACTG 
6 TCACGAGCAACTTATACGCCAGATCATGTACAGG 
7 ATTTCTGTTCTTTTGATCGTGTATTGCAAAGACG 
8 GGTCTGAACTATTTGTATGCAAACTCCATAGTCT 
9 GCTGTGGCGAGTTTAAAGGGCTGCCAATTTAGGC 
10 GCTCTTATTCTTTCCTCGAGTGCTCAGAGAGGGT 
11 GCAAGGGTGCCTTTATGTCAGAAAGGAACGAAGA 
12 CCGAAGCCAAATTTGCGTACAACGGCTACTGCAT 
13 ACCGCAGTAATTTTGGCACGGAAGGTCGGGTTTG 
14 GAGCATGTGAATTCTCCAGTCGACGTACCTACGG 
15 GGCCTCAAACTTTATAAGATATTCTGATGGGTGG 
16 TTCACTGAAGTTTTGAGTCCTACACGGCGTCGGG 
17 GGGCGGACGAGTTCCATGACACTTACCACCGTGC 
18 ACCAAACGCCCTTCCCATTCGTGTGAAGGCTCGC 
19 TCTACTTAGGCTTACGAACCCACGCAGGTACCAT 
20 CGTTGTGAGTATTACCCTCACCAAGGATGTACCC 
21 GCAAGCCGAGATTCCAACACGTCATGTCGTGTTT 
22 GTGGGAAGAGCTTTGTGACTGGGTTATATCTCCA 
23 TATCTTGATTATTAAGTCCATTAGAGGTATTCTT 
24 ATTCATTAGCATTCTGTAGCAGATCGTCTCCCAG 
25 CAAGAGGTGGATTATTGGGCCGCGTATCCCTCTA 
26 GTACGGTTAAGTTCTCTTGGAGTGCGTGTGTATC 
27 TTCAATTCATCTTCACCGGGTCGTCAACGCTCAC 
28 AACAAAGTTCTTTGCACACACCTTGTCACTGTGG 
29 CCTCTGCAATCTTCTACCGACTGTGCTGCAACGA 
30 TAATACCGGTGTTTTAAGTTACGGCGGTCATGCT 
31 TCAACCAATCTTTGTCAGCAATAACAACCAGTGG 
32 TACGCACACGTTTATAGAGCTAGACCCGAAATAC 
33 CTCTCCTCTTATTACAGCGGTGGCTAAACGGACG 
34 GCCCTTCAGATTTGCATAAAGTTATCCCAATGCG 
35 GCACGAGTTGTTTGTTCTTCAGGGTGTTTATCTA 
36 ATTTATTAAGCTTCTCCGGCAATGCTGTAAGGCC 
37 ATAGCAGTACTTTAAGGTACTCCGGGCTTTCAAT 
38 GCCCAGCTATATTTCAGGAATGAAAGGTGCCGGC 
39 CACACATCCGATTAGGACACGAGAAGAAGAGGCT 
40 ATGTTATGTTTTTAGGTGTTCGGGCAACTTATTT 
41 CGGAGTTGCGGTTGAAGTAATTCCGAATGTACGA 
42 CCCGCGGAGACTTATCTTCCTCGAAAGTAAACTC 
43 TACGAATTTGGTTGCAGCTACGACGCACCATCCG 
44 TAACGATAATGTTATCGCTCCGGTCTTGACCAGA 
45 TCCTGAAATATTTACGTATGTATTCGAAGCATAC 
46 CTTTACTGAGCTTGCCTATCAGCGCTATTCCTCC 
47 GCTGCCTATGCTTTCAACCGTTTCACTAATCGTG 
64 
	
48 AACACTAGTCATTGCGTTCAGCAGTCCTGTGAGA 
49 TGTAGGTGGCCTTCGGCCCTATGACAAACTTCTT 
50 AAAGAGCCCAATTAGGTTGACAGCCTGATTCGCT 
51 AAGGGTAATACTTAAGGGCATAACTACTCCTTGT 
52 AGAGGCAACACTTCGCGTGCGAGAAACAGGATTC 
53 TGCCTGGTGGCTTGCTAACAGAGCGTGGTTATGA 
54 AACCAAAGCGTTTGCCGAGGGTCTGGCACTTAGC 
55 TGTGCTCTAAATTGGCGGTGATCGACATCAGTGT 
56 AAATAGGATCCTTATACTTCTGAATCACTCTGGA 
57 AAGGTGACACCTTACCCTAGTACGTTTATTCAAT 
58 GTGTCTGCTTGTTGATTATGTAGTTCGGACGGGC 
59 AGTGATCCCTTTTGTTAACTAGAAGCGGCTCCAT 
60 ACTAGATCGCCTTATAATTCTCCCGGTCAAACGA 
61 CCACGCCAAGCACTCTAGGCGTTCGTACATTC 
62 TCGACGCTGGTCGGAGCCCGTTGAGTTTACTT 
63 GTATGGTTGGCCTTAAACAAGACGGATGGTGC 
64 CGTAGAAACGCCTAATCATGAATCTGGTCAAG 
65 CTGAGTGCATCTGGTAGTGCTGGTATGCTTCG 
66 GAAACGGTTGACCGCAACTCCGAAACACGACA 
67 TCATAGGGCCGGTCTCCGCGGGTGGAGATATA 
68 GTTATGCCCTTCCAAATTCGTAAAGAATACCT 
69 GCTCTGTTAGCCATTATCGTTACTGGGAGACG 
70 CGATCACCGCCATATTTCAGGATAGAGGGATA 
71 ATCTGGCGTATTTTAGAGCACATAGATAAACA 
72 ATACACGATCAGTTGCTCGTGAGGAGGAATAG 
73 GTTTGCATACAGCATAGGCAGCGTGAGCGTTG 
74 GCAGCCCTTTATAGTTCAGACCTCTCACAGGA 
75 AGCACTCGAGGGGCCACCTACATCGTTGCAGC 
76 TTTCTGACATAAGAATAAGAGCAGCGAATCAG 
77 CGTTGTACGCAGTATTACCCTTCCACTGGTTG 
78 CTTCCGTGCCATTTGGCTTCGGGAATCCTGTT 
79 GTCGACTGGAGGCCACCAGGCACGTCCGTTTA 
80 GAATATCTTATTTCACATGCTCGCTAAGTGCC 
81 TTCAGAAGTATGCTCAGTAAAGGATACACACG 
82 CGTACTAGGGTTGACTAGTGTTCCACAGTGAC 
83 ACTACATAATCTTGGGCTCTTTAGCATGACCG 
84 TTCTAGTTAACGTGTTGCCTCTGTATTTCGGG 
85 GGGAGAATTATACGCTTTGGTTCGCATTGGGA 
86 AAGTGTCATGGGGATCCTATTTGGCCTTACAG 
87 ACACGAATGGGGGTGTCACCTTATTGAAAGCC 
88 CGTGGGTTCGTCAAGCAGACACGCCGGCACCT 
89 TTGGTGAGGGTAAGGGATCACTAGCCTCTTCT 
90 TGTAGGACTCAGGCGATCTAGTAAATAAGTTG 
65 
	
91 GGAATTACTTCGCTCTTCCCACAGATCTTTAT 
92 TCGAGGAAGATTAATCAAGATAACCGACCGGC 
93 GTCGTAGCTGCTGCTAATGAATGATGCAGGTT 
94 ACCGGAGCGATTCCACCTCTTGCAGTTGGCAT 
95 AATACATACGTTCTCGGCTTGCCCAGTGAGCC 
96 TGACGTGTTGGAGAACAGAAATCACGATTAGT 
97 ACCCAGTCACACTCGCCACAGCAAGAAGTTTG 
98 CTAATGGACTTGGCACCCTTGCACAAGGAGTA 
99 ATCTGCTACAGATTACTGCGGTTCATAACCAC 
100 CGCGGCCCAATAGTTTGAGGCCACACTGATGT 
101 CCCTGAAGAACCTTAACCGTACCCTGTACATG 
102 CGCTGATAGGCGATGAATTGAACGTCTTTGCA 
103 ACGACCCGGTGAGAACTTTGTTAGACTATGGA 
104 CTGCTGAACGCGATTGCAGAGGGCCTAAATTG 
105 ACAGTCGGTAGCACCGGTATTAACCCTCTCTG 
106 GCTGTCAACCTAGATTGGTTGATCTTCGTTCC 
107 TTATTGCTGACACGTGTGCGTAATGCAGTAGC 
108 TCTCGCACGCGTAAGAGGAGAGCAAACCCGAC 
109 GCCACCGCTGTATCTGAAGGGCCCGTAGGTAC 
110 AGACCCTCGGCACAACTCGTGCCCACCCATCA 
111 CACTCCAAGAGACTTCAGTGAATCCAGAGTGA 
112 AAGGTGTGTGCCTCGTCCGCCCATTGAATAAA 
113 CCGTAACTTAAGGGCGTTTGGTGCCCGTCCGA 
114 TCTAGCTCTATGCCTAAGTAGAATGGAGCCGC 
115 TAACTTTATGCTACTCACAACGTCGTTTGACC 
116 CATTGCCGGAGAGTACTGCTATGCACGGTGGT 
117 CGGAGTACCTTTATAGCTGGGCGCGAGCCTTC 
118 TTCATTCCTGATCGGATGTGTGATGGTACCTG 
119 TCTCGTGTCCTAAACATAACATGGGTACATCC 
120 CCCGAACACCTGCTTAATAAATCCCGACGCCG 
 
 
